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interference of these cnrrents a t  the intermediate surface 
lireaks up the lower surface, or p ~ r h a p s  even the whole of t h e  
horizontal wedge of clesceiirling stratus, into rolls (or cumnlo- 
stratus stretching horizontally i n  imitation of rolls) whose 
axes stretch from some northerly point to the oppcisite sonth- 
rrly point; tlir exact trend depeiids upon tlie relative strength 
of the iipper nnd lower current. If tlir l o w r  is the stronger, 
the trend will be southeast rnthrr tlian southnest, and ae 
stronger winds are nearer the lowest pressure, therefore the 
trend nil1 vary with the distance from the center of low pres- 
sure nrourtd which these winils and clouds are circulating. 
If this cmter is near a t  hand and bears northwrst from t h e  
ohserver, and i f  it is moving eastward, a i d  especially if tlip 
olmerver's wind is south and t he  1owpr cloud motion from the 
soutli~vret nliile the trend of tlirse CIUIICI rolls, or the perspec- 
tive vaiiisliing point of the lxwallel s t r ie  on the lower surface 
o f  the shert o f  stratus above the n l w r ~ e r  1)e east aiid west. 
then the reginn of heavy cloud niid rain wi l l  prnhably not 
move o r  extend southward to his station, hut passing eastward. 
will pndmldy keep to the north of him. If the harom~tr ic  
depression is a long trongh, thew rfilations are riindified and 
the raiii niay reach him. If the treiid of  the nsrfi of  the  roll^ 
is from southwest to nortlieast ;ilid is thrn sooil ol)served to 
c l iang~ so a s  to become northwest and southeast, this indi- 
cates that  the clearing region is rapidly appr~aching  with its 
cooler air and that  there is less prospect o f  rain. 

But tis these phenomena are affected hy the topography of 
of the surruunding country, therefore snch rules for \%'SSh- 
ington may not apply strictly to another locality, am1 the 
Editor nil1 he pleased to puhlish such rules as others may 
hare ded wed. 

HOAR FROST ESPECIALLY RICH IN NITROGEN. 
(Trau-lnted from A.  L m c A h T e b t  in Ciel et Terre, XVII .  p 54 ) 

Rfessrs. I'etermann and Graftiau in a nirmoir, pul)lidied I y  
the Acacleniy of Sciences of Belgium, and rntitlecl Rc~searchc~e 
011 the C'omposition of the Atmosphere, deii~oiistrate tlie 
special riclinrss of hoar frost in nitrr)genons compounds, and 
dr:tw attentiou to the important part  that  hoar frost plays in 
adding to the stock of nitrogmous niatters in the forest, R E  
well as to the purifying influence that  tlie forests exercise on 
a tinospheric air. 

The truly reniarkable richness of hoar frost merits attention as one 
of the interefiting pointfi in the complicated mech:tnism of the circala- 
tioii and rlistrihution of nitrngen throughout the M orltl. The frost 
work which is attached to the branches of trees prekenth to the air, 
a hich surrounds it ani1 is continually renewed, a large surf:ice for the 
absorption of all the soluble hotlies that it carries, awl the isolated treee, 
the plantations, ant1 the forests act like immense filters purifying the 
air that circulates through their foliage, rohbing it of those nitrogen- 
ous combinations which, heing returned to the soil hy a thaw, swve 
again as nutriment to the plantsand thus reenter the vital cycle. When 
one sees the branches of the trees bending under the weight of the 
frost, when the latter accumulates to the point of breaking the larger 
branches, we hhoulil recognize that this represents an appreciable fac- 
tor in the stock of nitrogenous material accumulated in the forests. 

The followiug analyses of one liter of nieltrd frost col- 
lected a t  Gembloux, Bc.lgiuni, are given in the aboVt. work : 

Milligrams 
of nitro- 

gen. 
March 1, 16S9.. .......................................... 5.66 
Januar 2 , l S  m... .......................................... 7. i0  

December 31, 1690 .......................................... 6.00 

Average ......................................... 7.53 
During the severe COld of the nititer 1194-95, h1. Graftiau 

ni: idp f i o i i i ~  fiirtlirr ~ ~ i ~ a ~ i i r e n i e u t ~  for the p u r p o h e  nf  RIBIJ 
taking account of t l ip  c1ii:Lntity o f  frost actually attached to 
the branches. On February 'i, Iretween 9 and 10 a. in., and 

Decemger31, 1690.. ........................................ 9.00 

December 31, 1690 ......................................... 7.03 - 

at  a temperature of 16O C. below zero (plns 3 . 2 O  F.) he col- 
lectecl the frost attached to diflerent species of trees growing 
i n  the arhoretnni of the ngricnltural ii~stitution a t  Geniblonx. 
The l)ranches that were heavily ladeiiecl wit,h frost were gently 
detached and then shaken Over a sheet of paper. The frost 
was then collected in a dish ancl weighed. In this way we 
could oiily obtain a part  of thr  frost, thereforr, the figures 
cited helow are the niininia. The quantities ohtained were 
as follows : 

Weight of- 
Burfaceof 

branch. Species. 

Qrame. Qru?im. Sq. C n l .  
C ~ ~ r i i u s  sangiiinea ................................... 2.0 34 
Popiilos alba ....................................... ~ i:: I 3.6 I 36 ..................................... 100 

%I3 
270 

Rihen saxatile. 
Salis alba 
Salis rit.ellina. ...................................... 39.3 

........................................... 

Graftian also weighed 'the frost on an entire shrnh (betttln 
rotirrirlifolia). The culie liiiiitecl hy the extremities of the 
branches was aliout 1.5 meters on a side; the weight of the 
frost was 1.755 kilograms. The melted froet was analyzed 
and each liter contained : 4.0 niilligrams of nitrogen as alii- 
nionia and 1.2 milligrams of nitrogen as nitrates and nitrites, 
or a total of 5.3 milligrams of combined nitrogen. 

This frost of February 7 was not a t  all remarkable, and yet 
we see that its weight exceeded 1 kilogram for each cubic 
meter of space occupied by the branches. I n  mature forests 
the I~ranclies occupy, a t  n low estimate, a space of about 
100,000 cubic meters to tlie hectare, and can, therefore, col- 
lect 100,000 kilogranis of frost which represent, approxi- 
mately, half n kilogram of comhined nitrogen, if we adopt as 
the base of our calculatina the sm:~11 amount of frost that  
collected un the hranohes during the serere frost of Felrruary 
7. If, for a n  average, we take 7.5 niiligrams instead of 5, the 
deposit would I)e nearly SO0 granis of nitrogen to the hectare, 
or 7 pciiinds to the acre. 

Frost is sonietinies foriiiecl to an extraordinary aniount. 
It is tlieii capahle of breaking by its own weight branches 
that are 10 centimeters in diameter, which liappened sonie 
years ago in clifferr~nt parts of tlie country. Therefore, the 
qiiaiitity of nitrogen that is given to the soil l)y the frost that 
falls on it is wry  COIIMid6'ralJlP. 

Thme authors, therefore, have with good reason said that 
the frost represents an  apprecialrle factor in the reserve of 
nitrogen w i t h i n  forest areas. If we add tn this the nitrogen 
contaiiied in the raiii, the dew, and the fog, wf' can ~ a s i l y  es- 
p1:qiii why, without any artificial atldition of nitrngen ant1 
wthon t  the intcrvention of those plants that  serve to fix at- 
mospheric nitrogen, the forest vegetation is a l ~  ays well sup- 
plied with iiitrogen, ancl it  also shows how the soil of forest 
areas g r o w  richrr in this element which is given to i t  by the 
detritus, or the waste of the forest. 

[May we not alsn suggest that  the stunted foliage 011 the 
summits o f  nionntains, fed as i t  is Iiy the melting of frost and 
SIUJW, niay he peculiarly well supplied with nitrogsn.-C. A.] 

ATMOSPHERIC REFRACTIONS AT THE SURFACE OF 
WATER. 

I n  response to an inquiry about mirage, the Editor has 
collected the following notes from recent publications : 

Prof. Charles Dufour of Lausanne communicated to the 
Academy of Sciences a t  Paris a memoir, of which Mr. Lan- 
caster ( C i d  c t  Trrre, April, 1896, Vol. XVII, p. 88) gives the 
fo 1 I ow i 11 g sun1 m R ry- 

Albnoinial refractions are often observed on Lake Lrm:tn [i. e . ,  
LnLe C+c.nevn, ~';witzerlantl]. IC tlie air is collier tli:tn tlie briif:we 
water we have conditiuntj favorable for mirage; the path of the cnrved 
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ray of light turns its convex d e  toward the  water and mirages are 
formed as beautiful as any that  occur over a desert. On tlie contrary, 
if the air is warmer than the  water then the  path of the  ray of light 
turns its concave side toward the  water ani1 we then see distant 01)- 
iects that are ordinarily concealed 1)y the  rotundity of t h e  earth, e .  g. ,  
ihe curved surface of the  lake or of the ncean. I n  this latter case, for 
example, the Chateau of Chillon can lie seen from &forges, distant 35 
kilometers. Un4ler normal conilitions as to the temperature of the  air 
tlie chateau is concealed by the  curvature of the lake ant1 wrriiltl I,: !IJ 
even if its height were douhlerl. I t  follows, from this, that  if the air  is 
colder than the  water, which is generally tlie case i n  #inter, the  
vibible or allparent horizon line apliears ileplesserl I J ~  a quaiitity 
greater than the average depression; on the  contrary, m hen the air is 
Mariner than t h e  water, mhicli often 1ialblien.i in tlie siininier, the  
ilepression of the horizon is less than the  average. The autlior ( C .  
Dufoiir) intluires whether this caiise of error is conbitlereil when a nari- 
gator a t  sea ol)serves the altituile of the siin d) i )ve  tlie 11orizoii in nrtler 
to iletermine the latitude or time. If he  does not, this omishion iiiuht 
cause apprecialile errnrs in the computet1 psitionh of veshels on tlie 
ncean. According to o1)servatiuns mntle at filorges, it  is cei tain that  
this difference of temperature a t  the  lioint where the tanpenc-y to the 
sui face nf the  \inter occurs bometinieh produces errors that exceed five 
or six minutes of arc i n  the  allparent altitude. H e  thinlrb that taliles 
currectiiig for this error shoulil he preparstl. 

i\ 1 h( ) ngh t li i a a 11 11 o r  111 a 1 rdritc tioii is 11 o t $7 i t n 1 I y i ni pi )r- 
tcint i n  navigntioii, owing to niany other sources of errors 
that aft’rct the deterniination of tlie position of the veswl a t  
bra yet, from a meteorological point of view, i t  is always iiii- 
portalit to understand the minntmt details of what is going 
on in the atmosphere. The phenomena of the mirage her(. 
:illuded to occur 011 tlie Great Lakes of North Anierica in all 
their intensity in the stiiiinier season, and i t  is we11 for tlir 
obserwr to hear iii niiiicl the simple rule that  when the 
mirage hriiigs to his view ol-rjrcts otherwise invisil)le i t  
proves that  the tenilwrature of the air through which tlir 
lowest part  of his line of sight is pasaing is higher than that 
of the layer just below it,, as  the latter is cooled I)y contact 
with the cold water. JVheii a slightly clei is(~ niass of air 
dwceiids to the surface of tlie land or nater, and, rolling 
along, filially spreads as  a coo1 layer over the heated surfnc.e 
it tmiiporarily hreaks up the mirage due to hot air aud 6111)- 

stitutes that  due to colcl air, but in doing so both air  iIIId 
water are slightly agitated and t h i b  agitation procluccs the 
beautiful fleeting mirage called ‘‘ fata inorgatin.” Such phe- 
iionieiia niust lie very frequent on our Amrricaii Inkrs, hntli  
large aiid small, and the Editor aoiild he glad to h n v ~  borne 

account of them and a coriipnratire study hased on the cur- 
rent daily Weather hIap. 

In continuation of the nhove suhject Prof. F. A .  Fore1 
comninnicrtted to  the Paris Academy of  Sciences ( Puri\ 
c‘o,jiplcs Ro>thrs, July 20, 1696, CSSIII, p. 161) the fol l i J \V-  
iiig note on tlie refractions and iiiirages 011 Lake Ckiieva : 

The olqwsite types of refractions tu \\ hich the lays of light are suli- 
jrcteil H hen they graze the surface of the lake ileiienil iiliiin the rela- 
t i \ e  tem1)erature of the  Mater ant1 tlie air in  coiltact with it. They 
are : 

(1) The refrcwlion (ibom warm ~ o d f r ,  \\lien the  air iz coliler than the 
M ater. These refractioiis are characterizeil by the cwitraction of the 
horiztm frcm a l l  siiles tnnartl the wnter, by the esagcreration of the  
apparent c ~ r \ a t u r e  o f  the  hlilieroirlnl f tlie lake, liv the ap- 
pearance ( I f  extraorilinary (lenticulation es at the horinm line, 
finally, I)y the  forniatiim of a symmetrical mirage 1)eliJ\\ that n hich 
we call tlit. caubtic plane; this mirage offers a n  apl)arent reflwtion of 

ituateal beyond the  cirde of the  horizon, and is, therefore, the 
mirage of the tlesert. 

(2) The refrnctwns above cold water when the air is warmer than tlie 
water. These are characterized ~ J Y  the  enlargemrnt of the  circle of 
the horizon, the appearance of reater concavity which is assumed by 
the spher?i<a! p f a c e  of the lake, the  elevation of the apparent hori- 
zon, the  vlsihility of ver tlibtant objects that are  really hitl41en 1)y the 
rotundity of t h e  earth, &idly, the  vertical shortening of objects that 
are very low down on the  water and at a reat distance. 

(3) Between these two opposite types tiere are other special appari- 
tions known under the name of fata morgana, fata brumosa, and, finally, 
the still unexplained phenomenon of the  mirage over cold water, 
which occurs whenever the  temperature of the air rises steallily above 
the  temperature of  the water. The mirage a l m e  cola1 water has the  
same characteribtivs as the  mirage (lo(. to refraction above m ai 111 15 ater, 
except that the lower image is nut symmetrical, it is indeed inverteil 

a4 to the  real image, but it is greatly retlucell in its vertical tlimensioiis, 
often it has not a third of the height of the  real o1)ject (See F. A. 
Forel, Le Leniun, 9cl volume, Lansanne, IS%.) 

I have enilea\oreil to preciselv describe the crinditinns unller which 
thew varitiub tylies appear. TlGs is the result of very many obaerra- 
tiuns, ~ n u i ~ e  ftir the niozt Iiart on Lake, (+eneya. I n  orilrr tb simplify 
I \I i l l  take iiiy examples f r rm a (lay in spring. At this ceahon the 
tenil’ernturr of t he  air riiiih tliriiogh all 1msil)le variatitm \i ith respect 
tti tli? trnijwrnture o f  the water, and every tylle of  refractitin can ap- 
pear 111 hnccessii,ii. In tlir n io in in~ ,  let us say at  ti a. m., the air coole~l 
tlining the night is ci)lilt.r than the water of tlie lake. We then SCG 
tlie irfractiiiiis ant1 mirages over warm water. Towaril 111 a. in., or 

the trnilleratart. i i f  the air rises, then it equalb an11 finally e s -  
that of the water, then we have the mirage over col(l \+nter. I n  
terniion, lictir een ’7 ani1 4 I>. ni., suiltlenly the refractions change 

their clinrac.ter; tlie coiivesity o f  tlie lake is transformell into an ap- 
linrciit ci,iic:ivity; \I e see tlien the alqinrition of the fat:% mcirgmia ant1 
slmit . t i i i ieh that (If tlir fatit lirnniiisa \\hich persist fur a few minutes 

iinl, I linve l ~ r i i v e n  t ha t  tlie :ippearance of the ptlaces of 
irpntia nit .  only seen in a l l  tlirir beauty \\ hen a slight brecze 
thr lake after :t ninriiing t,f Iierfect calm. 

A s  sonn :IS the  fata inorgana has disap- 
1)earell the refraction over colt1 ~ a t e r  takes possession of the scene ant1 
last9 until nighttime. The series of rcfr?ctions is, therefore, as follows: 
(1) Mirage over the  \v:irm water; ( 2 )  mirage over colt1 water; (3 )  fata 
iuorpniia; (4) refractivns over C Y ) I I I  \ratel. The fata inorgana occupies 

liiiiiteil segment ( i f  the circle nf the horizon; on tone side of its 
ic :ilq)cwititins we w e  the r6gime #if the  mirage o \ e r  cold water, 
iltlier siile the iafrnctii)ns over warm water without mirage. 

A further contrihutioii to this suhject, will lie found in a 
notp I I ~  AI. Andre Delt~lwcque (Puris C ‘ o j i i l d p s  Rentliw, Augost, 
1SO6, CSSIII, 11. 387) ‘‘ 0 1 1  the estraordiiirtry refractions 01)- 
served on tlir borders of lakes and k n o w n  hy the name of 
fata ~iiorgaiia.” He says: 

ieral thib plienomenon is cliarwterized liy the fact that uhjccts 
on the  t)plii~site Aore  of the  lake seem to be ili.;tortrtl in an 

linary 13 ay in a \ ertical ilirci-tiun; the  rocks, the walls, ani1 the 
aliliear to lie tr:uibfurnietl into irniiiense construi.tions, out of 

which the  ininginntioii (if  the  Italians has evnlvwl tlie pnlaces of the 
Fairy &I(~rgaii:i. The fata niorgana arc- cstremely tleetinp phen?mena 
ani1 (lo not generally last more than a fe\+ minutes. When they tlis- 
aI1pe:tr the  nbjtv-t wht)he vertirnl dimensions had been sn magnifiell 
often nskiinies estmcirilinarily small proportiains. -1s both Mr. Ford 
ant1 myself linve nhservetl, the  fatn mt)ignna ocr.upies only a very lim- 
iten1 aiid ~ierpetnally c.liaiiging segment nf the horizon, ant1 quite near 
to it entirely aliffereilt refractions frelluently take place. On Lake 
Lenian I have only ohserved them in calm weatliei m i l  when the 
temlieratnre uf the  air is notahly warmer than that of the  lake. They 
are most Iieautiful in the monthb of March, April, ani1 May. 

3I:iny scientibts, anicrng whom I m:ry cite Humliolilt, Wciltmaiin and 
C’1iarlt.b Dufuur, have spoken of the fat:% morgana, liut up to the  present 
time, as far as I know, no one has given a satisfactory explanation of 
it, for 1% hen the  air is warmer than the  water of the  lake, we sume- 
times observe the fata morgana, but more often the  mirage known 
umler the  name of “ mirage over c!Jltl water” anal whicli tiis been so 
well stutlietl by Bra\ais (see Bravais, ATilice sur le Nruge ,  A7m. Met. dc 
Prawe, p. 256, 1,553). In this latter mirage distant objects have their 
vertical tlimensioiis much reduced. I t  seems singular that t h e  same 
tlieriiial conditions shoulcl xorluce tWJ mirages so diametrically oppo- 
site to each other. The fohowing is, I believe, tlie correct euplana- 
tion of this nIblJaient anomaly: 

RIany times when viewing the fata rnorgana through a powerfnl 
glass I have oliberved that the objects are not really increased in size, 
Imt that the impression is produced l)y t h e  superposition of several 
images of thts san~e object, sometimes upright, sometimes upside down. 
I have countetl as many a b  five of these images. As they are  gen- 
erally verv close together and sometinie encroach nile upon the  other, 
it is very iIiHicuIt to separate them by the naked eye, and therefure 
the  illusion of a n  enlarged object is protluced. Sometimes one portion 
alone proiluces many images. Thus. I have sometimes seen boats 
with two hulls, while the sails lookell lierfectly natural; a few minutes 
later only one hull remained, but the  sails appeared gigantic. 

It heems to result from these observations that  the  fata morgana is 
nothing more than a mirage of multiple images. 

Mathematical analysis can, however, explain the  facts observed. 
I n  hismemoir on the  mirage, Bravais (see Bravais, Notieesur ledlirage, 

Arm. Met. de France, p. 264,) proves the possibility of three images be- 
roduced i n  the case where a layer of warm air flows more or less 

:$I! enly over a layer of cold air and when the  subsequent calmness 
of the  atmosphere allows these two layers to remain for some time in 
that  position. But these are precisely t h e  conditions existing during 
the  apliarition of the  fata morgana, since it is necebsary, as I saicl 
above, in ortler to proiluce this phenomenon that  the  air be very calm 
ani1 percelitibly warmer than the  ~ a t e r .  The  existence of three 
images is a particularly simple occurrence in t h e  fata morgana. I 

Then hlidllelily we change. 
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have tried to explain, by analysis, t h e  production of the  five images 
observed by me, but was obliged to give it up on account of the  com- 
plexity of the calculations. I n  the case of three images, Bravais also 
shows how only certain arts of a n  object can produce multiple images; 
this phenomenon actual& occurs as we have seen above. 

Finally, if we reflect that  two layers of a i r  of very different densi- 
ties cannot remain for a long tinie superposed one upon t h e  other 
without becoming mixed, we shall understand the  instability of the  
phenomenon and why the fata morgana and the mirage on cold water 
can succeed each other so rapidly i n  the  same part of the lake. 

An excellent description of the fata niorgana as seen froiii 
Reggio, on the Italian coast, when looking toward Messins 
across the Straits of Messina, is given by Mascart irr the third 
volume of his Treatise on Optics, Paris, 1893. I n  this volume 
(pages 305-835) he also gives a complete elucidation of tlie 
optical principles involved in  every forin of mirage, including 
even the triple images of vessels in the distant horizon, the 
multiple images observed by ArtLgo and Biot, and every form 
of fatn morgana. Mascart’s formula seems to us applicable 
to a11 the cases enumerated in  the above qnotations. 

AN mEELIMENTBL RAINFBLL. 
A letter of Julie 20 from Prof. L. Errera, of Brussels, is 

published in Ciel et Terw for August., 1S96, S V I I ,  11. 353, 
giving the following description of an experimental study 
into the formation of cloads, which wiI1, we hope, attract the 
attention of physicists who are conducting advanced courses 
in  meteorology in  Aiiiericaii colleges and universities. The 
esperimen t has been repeated at the Weather Burmu with 
success, hit i t  should tie carried out on a large scale, with a 
very tall jar  and great care as to uniformity of temperature, 
if one desires to get satisfactory results. Probably the cluuds 
can be photographed by using a flash light and with care in 
the illumination. Other liquids, sncli as ether, benzine, tur- 
pentine, and water, should also be tried : 

Take a cylindrical vase of bohemian glass of about 20 centinieters in  
height and 12 in diameter and till it  half full of strong alcohol-92 per 
cent-and cover it with a porcelain saucer and warm i t  over the water 
bath. I t  is necessary to warm it up for quite a long time, in order that  
the  liquid and the whole vase and the  Iiorcelain cover may attain a 
high temperature and be in tlieriual equililiriun~ among themselves, 
but without bringing the alcohol to t h e  boiling point. Remove the 
whole from the warm place and, being careful not to agitate the liquicl, 

The warm 
liquicl continues to sen(] up an a~iunc~ance of alcoliolic vapors. After 

.8ome niinutes the  porcelain cover is sufficiently cooled so that  these 
vapors commence to coiidense in ita immediate neighborhood. S o ~ n  
there are thus fornieil clearly visible cloucls, and these in their turn 
resolve themselves into very fine droplets of rain, which fall steadily, 
vertically, and in  countless numbers into the  liquid. The droplets, 
when measurecl by means of a horizontal microscope, have mi aver:ige 
diameter of from 40 to 50 thousandths of a millimeter; they are some- 
times larger but more frequently smaller. This interesting spectacle 
may last for half an how. 

A t  first the vapors rise quite up to t h e  porcelain cover, but in propor- 
tion as the Whole system cools down the  level where the condensacion 
occurs naturally lowers more and more, ani1 now we find a perfectly 
clear zone above the zone of cluuds. W e  have i n  this way i n  minia- 
ture the whole aqueous circulation of the  atmosphere; the  eval~ornting 
liquid represents the ocean, far above it the cuoling porcelnin saucer is 
the  pure sky, below this the cloutls, which resolve themselves into real 
water, and the  latter returns to the  ocean. Except that in phce  uf water 
everything is niatle of alcohol. 

I t  would be surprising if this simple phenomenon has never been 
described before; but as you s:ly that  you do not remeniber to have 
seen an account of this anywhere in the  nieteorological literature, with 
which you are so perfectly familinr, I think it well to explain tlie con- 
ditions under which the phenomena are pro(1iiced. 

[The experiments here described by Errera may be  co~upared w i t h  
t h e  well-known siniilar work of Tynclall antl Aitken, especially those 
described bv the well-known physicist of Edinburgh in  his memoir 
entitled “ O h  dust, fogs, and clouds.” (Eclinb. Transactions, lSSO-Sl, 
S S X . )  But Aitken makes use of complicated apparatus, while the 
experiments of Errera can he repeated a t  any time and in  the simplest 
manner. Moreover, Errera describes very interesting phenomena that  
Aitken did not perceive, or, a t  least, lias passell over in silence. 
Tyndall considers an analogous subject in his note “On the  formation 
and henomena of clouds.” (Roy. Soc. LlJIldOIl Proceedings, 1S69, 

ilace the vase upon a wooden table and observe it carefully. 

X V I E ~ A .  L ANCASTER.] 

Possibly this experiment may serve to explain some meteorological 
problems that are still under discussion; for example, whether the 
production of rain is necessarily subordinated to electrical influences, 
as is acknowledged by Clement Ley and many other authors. 

Our experiment is, moreover, susceptible of several variations. 
After having taken the  vase from the  warn1 bath, if we replace the 
warm porcelain cover by a colt1 one the  differences of temperature be- 
tlteen different points of the  system become greater and the  phe- 
noniena are esaggerated; little whirlwintls, which are true squalls, 
are proilucecl. When the  alcohol is still very warm and if, l)y acci- 
dent, t h e  vase is a little wariiier on one sitle than 011 the  other, in that 
portion which is above t h e  level of the liquitl we see the  alcoholic 
vapor performing a regular rotstion nliout a horizontal axis; it  con- 
tinually rises along the  warmer side of the  vase and tlescends alon 
the c(di1er side. The proof that  this rotation is due to the cause that f 
Rupgest is, that  in  order tal reverse the Ilirection of the  rotation it suf- 
fices t u  cool the  side of the  vase along which the vapclrs are rising and 
this is easily done by the  application of a strip uf filter paper wet with 
cold water and frequently renewed. 

A t  first tliduglit the formation of cloncl and rain in Errera’s 
esprriment where there can br no dust particles to serve as 
nuclei for coiidensatio~i, seems to be cuntrary to Mr. Aitken’s 
theory and esperinieiits, according to which all ordinary 
rains and clouds depend npon the preseuce of dnet nuclei ; 
hiit there is really no contrndiction. R’hen air is cooled to a 
temperature near dew point, conderisation hegins where i t  is 
most easily possible, viz  : firbt, on hygroscopic surf:tces and 
nest  to this, on sinall particles of dust, iiinny of which are 
also hygroscopic and, finally, on those that are smallest, eveii 
though they I_re not specially hygroscopic. If cooling pro- 
ceeded orily thus far, we should have dew, fog, and cloud, but 
no rain. If the process of cooling still continue then a cer- 
tain critical stage is passed over and the aqueous molecules 
begin to agglomerate without waiting for the presence of 
nuclei; t>hey conie together in larger drops and IJY a more 
violent process. The extent to which cooling must proceed 
in order that  this foriii of coudensation may begiii has been 
investigated, a d  may be defined as follows : If the cooliiig 
is produced by espansion, then the aniouii t of expansion 
requirecl in  order to produce the secund stage of condensation 
is 1.255 tiiiies the expalision necessary to produce the first stage 
of CuIii~enS~tiOli. ( S e e  bIUNTHLY \YEATHER KEVIEW, hhy,  
1SO6, page 167.) As long ago :is 1S4l Espy (see his Philos- 
upliy of Storms, page 35) observed the fact that  when, by 
espniisioii, we determine the dew-point for n iiiasa o f  air 
coiitained within a gliiss jar, several tiiiirs in succeseioii, the 
dew-point seeins to be steadily rising. 

On  coni m i n g  together the experiments matle on dry air, there 
appeared t u t  little ciiscrepancy, 1mt witli moist air tliis w m  nut so, nlltl 
I was iniluceil to institute a set of exl~eriments to see whether length 
of time had any inflrience on t h e  rebiilt. I, therefore, performed a 
great number of experiments siniilur in a l l  respects, except the length 
of time which intervened between the time uf pumping air intu the 
ne~~helescope and u; letting it out, anti, to niv  abtunishment, I found 
the rise of the  mercury, after the  tlisclr:irge, ;wnstantly greater as the 
time was lunger, tip to about t\+rlvtt ur fifteen clays; but beyonll that 
time the effect did nlIt seen) to be incrrnsetl. I t  f d l l J \ w  from these 
experiments that  when air saturate11 nitli v:tpor is confinetl in a glass 
vessel, air-tight, and cnntaining :t small portiun of \\.:iter, it  will cease 
to be saturated to the  aniount of four o r  five degrees in the  dew-point 
in fifteen days. Whatever may be the caiibe of this remarkable fact, 
so cuntrary to all I J U ~  notions, since the  experiments of Dalton on the 
subject of the  ilew-point, the  followillg tnlJle uf experiments proves 
beyund all doubt that it is a fact. Dues water or glass so attract the 
Iwticles of aqueous vapor as to cun(1ense sume of these particles on 
them antl lirinp cluwn the dew-point foiir or five tlegreeu I,t.low the  
temperature of the  water and of the  air inc.lucler1 in the vessel? 

The Editor can not clouht that  Professor Espy W ~ A  here iii 
presence of the pIieiioiiieli(~ii that  has sul~seqiie~i tly been 
inyestigated by Barus mid C. T. R. \\‘ilson. Bj7 allowitig his 
air to stand so long i t  had, by wmhing arid settling, lost the 
greater part  uf i ts  c~rigiiinl dust. The dew-point tletermined 
~ J Y  Espy, a t  the I)eginning of any experiment, corrrspt~nded 
to the first stage of cooling and the formation I J ~  fog on dust 
nuclei ; lJL1t the dew-poiut cleterminetl hy h i m  a few days 
later in  the same air  when i t  had become dustless IJY settling 

He  snyy : 


